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The ability for wetlands to purify contaminated water is not a new concept. 
Natural wetlands have been cleansing water within our environment for ages. After 
studying the process of natural wetlands the same concept was applied to municipal waste. 
It is the success of constructed wetlands treating municipal waste that created the new 
idea for the application of a wetland system to treat wastewater from livestock facilities. 
Through proper design and management, constructed wetlands may be useful for reducing 
the nutrient concentration of waste (Rieck el al., 1996). Taking into consideration the 
higher nutrient loads of livestock waste, the same basic idea of constructed wetlands used 
for municipal waste is being utilized to protect public water sources from contamination of 
livestock wastes. 
In this study a constructed wetland (total recycle) built for the purification of swine 
waste was evaluated. In cooperation with Pig Improvement Company of Allen County, 
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Kentucky, water samples were collected from the nine connected cells making up the 
wetlands created at The Dogwood Ridge Farm. After collection of the samples, they were 
analyzed at the Western Kentucky University Environmental Laboratory. Samples were 
tested for levels of the following parameters: 
• Ammonia Nitrogen 
• Nitrate Nitrogen 
• Total Phosphorus 
• Biological Oxygen Demand 
• Total Suspended Solids 
• Total Dissolved Solids 
• Fecal Coliform 
• Conductivity 
• Mineral Elements 
The data in this report accounts for seven sample dates throughout 1996. Samples 
were also collected for three additional months prior to the first sample date in which data 
is reported, although these dates are considered to be a part of the initial start up phase for 
the testing period. Sample dates within the start up phase are not included among the 
results. 
With greater concern directed towards higher water quality standards, there is the 
x 
need to eliminate any activities resulting in non-point source pollution (NPS). Livestock 
waste is considered one of the leading causes of NPS pollution which has created the this 
awareness for better waste management. As traditional waste treatment equipment is 
commonly too expensive for the average livestock producer, constructed wetlands are 
proving to be an affordable, environmentally friendly, and manageable solution for 
livestock waste treatment. 
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EVALUATION OF CONTINUOUS FLOW 
CONSTRUCTED WETLANDS 
TREATING SWINE WASTE 
Introduction 
In 1935, Public Law 46 was passed which created the Soil Conservation Service 
(SCS). In turn, the SCS became responsible for, and required to develop, programs for 
the maintenance of high quality standards of all United States soil and water resources. In 
more recent years conservationists have become increasingly aware of sources 
contaminating water systems. Because of this awareness there is a demand for an 
environmentally safe waste management system. According to the Water Quality 
Assessment in 305 (b) Report, 67% of pollution occurs through non-point sources, of 
which 27% are agriculturally related. In 1972, the United States Federal Water Pollution 
Control Act Amendment developed Public Law Number 92-500 which created the use of 
water quality management plans to control NPS pollution occurring from agricultural 
practices. In 1982, NPS pollution was established as the primary cause of water quality 
problems in six of ten Environmental Protection Agency (EPA) regions. Within all of 
these regions, agriculture activities (i.e., animal waste management and tillage practices) 
were considered as the most extensive problems (Hammer et ai, 1993). As a result of the 
continuing problems with water source contamination, strategies to prevent NPS pollution 
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are being investigated. One strategy heavily reviewed is the idea of a wetland system 
having the ability to remove unwanted nutrients and pollutants contaminating wastewater. 
As scientists study the contaminant removal mechanisms of natural wetlands, the results 
are comparative with those of municipal waste treatment plants. With the cost of such 
waste treatment equipment being economically unfeasible for average livestock producers, 
constructing and managing a system emulating that of a natural wetlands may prove to be 
a solution for the purification of wastewater from livestock facilities. 
Due to lower costs in construction, operation, and maintenance wetlands are 
currently used for water quality improvement of municipal waste, acid mine drainage, 
urban storm water runoff, and many other industrial sources of water pollution. Now 
included with those sources are livestock production operations. As much public concern 
is focused upon the swine and dairy industries due to overflow of lagoons, seepage, and 
land runoff into water sources, many producers are turning to the option of constructing a 
wetland system as a means of waste management. 
In Cooperation with Pig Improvement Company in Franklin, Kentucky, the use of 
a constructed wetlands for swine waste treatment is the object of this research. After the 
third year of operation, data may now be analyzed and compared with previous years to 
determine the efficiency and ability of a wetland system to reduce possible contaminants 
such as ammonia nitrogen, nitrate nitrogen, biological oxygen demand (BOD), total 
phosphorus, total suspended solids (TSS), total dissolved solids (TDS), and fecal 
coliform. Water samples collected from the nine connected wetland cells were analyzed 
for each of these parameters and are presented in this study for the evaluation of 
constructed wetlands affecting the quality of swine wastewater. 
Review of Literature 
NATURAL WETLANDS 
Natural wetlands are those land areas in between the characteristics of terrestrial 
and aquatic systems. The water table may reach the surface level or moderately cover the 
land area (Tiner 1989). Wetlands have been referred to as marshes, wet meadows, bogs, 
swamps, and bottom land forests. Whichever name is applied, to be characterized as a 
wetland the following attributes are required (Cowardin et al., 1979, EPA 1988, Humenik 
et al., 1996, Tiner 1989): 
1. At least part of the time the land supports vegetative populations adapted 
to wet soils. 
2. The substrate consists mainly of hydric soil. 
3. The substrate must be saturated with water or covered by a 
shallow depth of water occurring at some point during the growing season 
of each year, maintaining such characteristics. 
Though all wetland systems must be recognized by the previous attributes, they 
may belong to different categories. Marshes, swamps, and bogs are those areas with 
hydrophytes and hydric soils. Secondly, tidal flats do not have vegetative life systems but 
soils are saturated. The third category is that of seaweed covered rocky shores which do 
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not have the hydric soils but are incorporated with plant life. And the last type of 
wetlands are those periodically flooded areas without soil or vegetation that are referred 
to as gravel beaches or streambeds (Tiner 1989). 
Natural wetlands are being researched because of their many valuable aspects. 
Some of the values of natural wetlands include flood storage and desynchronization, 
habitat for wildlife, source of harvesting natural products, supports the food chain, and 
support for aquatic life forms (Brooks 1989). Other aspects of interest are their 
capabilities to trap sediments and remove or retain nutrients and pollutants (Brooks 1989). 
Researchers studying natural wetlands compare them with mechanical sewage plants. 
Physical, chemical, and biological processes occurring in the wetlands support this 
comparison (Cooper, Testa, and Knight 1994). 
Through the reaction or combination of vegetation, water column, soils, 
microorganisms, and animals the performance of physical, biological, and chemical 
processes make up the functions of the wetlands (Garbisch 1989). Vegetation, hydraulic 
regimes, and the surrounding land use are all a part of the wetland system's capability of 
fulfilling these functions, (Brooks 1989). Wetland functions are proving to be a natural 
asset not only to the environment but also to people (Strong et al., 1993). The United 
States Environmental Protection Agency 1988 refers to the ability of wetlands to help 
maintain and improve water quality as one of the most important values of a natural 
wetland system. "They improve water quality and encourage sediment retention on 
landscape. The economic, social, and biological values of wetlands have led to section 
404 in the Clean Water Act and President Bush's directive to Congress that there should 
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be 'no net loss' of wetlands" (De Laney 1995). 
With improvement of water quality in mind, constructed wetlands may be an 
economically sound consideration for animal waste management systems. This ability for 
wetlands to improve water quality is the primary focus for current research in constructing 
wetland systems for wastewater treatment (Strong et al., 1993). Understanding the nature 
of wetland functions is an essential element for the creation of similar systems for 
wastewater treatment. Interest in the use of constructed wetland systems is rapidly 
increasing due to encouragement from the United States Environmental Protection 
Agency (Humenik et al., 1996). 
CONSTRUCTED WETLANDS 
"Constructed wetlands consist of former terrestrial environment that have been 
modified to create poorly drained soils, wetlands flora, and fauna for the primary purpose 
of contaminant or pollutant removal from wastewater. Constructed wetlands are 
essentially wastewater treatment systems and are designed and operated as such though 
many systems do support other functional values. Constructed wetlands are designed to 
transform many pollutants into gaseous forms for release to the long-term biogeochemical 
reservoir in the atmosphere or to trap others in the substrate, i.e., metals" (Hammer and 
TVA 1989). A constructed wetland is planned, designed, built, and maintained to imitate 
the functions of a natural wetland system (De Laney 1995, Humenik et al., 1996). Both 
natural and constructed wetlands have been used for wastewater treatment, but due to the 
unpredictable flow capacity of the natural wetlands research has focused upon constructed 
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wetlands where the highly desired control of flow, land area, and operation is much more 
attractive and obtainable for researchers (Brix 1993). 
Not only is control a positive aspect of constructed wetlands but many other 
advantages create interest in using them as a part of the waste management system as well. 
Constructed wetlands are generally from ten to fifty percent less costly to implement as 
the cost of most conventional systems, and depend mostly on healthy vegetation and 
proper water level management for success (Thom1, Hammer 1989). Advantages of 
constructed wetlands as compared with more conventional wastewater treatment systems 
consist of lower costs in construction and maintenance, low energy (operational) 
requirements, operation and maintenance may be sustained by relatively untrained persons, 
flexibility and less susceptibility to alterations in loading rates, a reduced area for land 
application of waste due to the reduction of nutrients and bacteria, high waste treatment 
efficiency, little or no mechanization, odor control (Brix 1993, McCaskey et al., 1994, 
Rieck et al., 1996). 
Primary disadvantages of treating livestock wastewater with constructed wetlands 
include an increase in land area (for the wetlands and storage), a decrease in performance 
during winter months, wastewater may have high nutrient levels, and if loading rates are 
not monitored properly high ammonia concentrations may burn plants. Other problems 
considered to be disadvantages are potential muskrat and mosquito problems, discharge 
requirements, wetland cells may overflow during heavy rains if not managed correctly, and 
a detention or polishing pond is required for storage of the treated wastewater. If 
1
 Not Dated. 
8 
properly managed the disadvantages can be limited, allowing the advantages to create 
justification for the use of constructed wetlands as a part of the livestock waste 
management system (Brix 1993, McCaskey et al., 1994). 
However, constructed wetlands may not be appropriate for every situation. 
Therefore, before beginning construction, alternative Agricultural Waste Management 
Systems (AWMS) should be carefully reviewed to determine which is resource efficient, 
resource conserving, economically feasible, socially supportive, and environmentally sound 
(SCS 1991). To determine whether creating a wetlands is advantageous, consider the 
objectives of a constructed wetlands. Such objectives include reducing pollutant loading 
of waterways, reducing downstream flooding and erosion, minimizing construction and 
maintenance costs, and providing positive perception of the wetlands (Hammer 1989). If 
these objectives do not comply with those set forth by the desired AWMS, other systems 
should be considered for proper waste treatment. Using other AWMS in compliance with 
a constructed wetlands for the overall animal waste management system may be an 
additional option. Focusing upon the objectives and needs of the livestock facility will 
determine whether constructing a wetland system is the appropriate option for waste 
management (Humenik et al., 1996). 
Planning and Design 
To prevent unnecessary costs and system failures the Soil Conservation Service 
has set forth multiple preconstruction requirements. Planning requirements must be met 
initially to include twenty-one different areas. If these planning requirements are not 
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fulfilled, proper wastewater treatment cannot transpire (SCS 1991). The twenty-one 
categories of the planning regime are as follows: 
• Consideration of the constructed wetlands relationship to other components of the 
AWMS 
• Federal, state, and local regulations must be met 
• Onsite evaluation of the area where construction will occur. Soil, topography, and 
surface/ground water conditions are a few of the aspects to be considered 
• Feasibility 
• Flexibility 
• Pretreatment requirements 
• Location of the system 
• Types of constructed wetlands 
• Site size 
• Vegetation 
• Water requirements 
• Effluent control 
• Wastewater conveyance 
• Seasonal effects 
• Pest and vector control 
• Wildlife considerations 
• Water sampling and testing 
• Constructed wetlands loading rates 
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• Water rights 
• Recycling and recirculation potential 
• Soil geology 
Once these SCS planning requirements are satisfied, designing the system may 
begin. In 1988 the United States EPA established a design manual for municipal 
wastewater treatment in which the technological concepts are the same for animal waste 
treatment systems. 
Designing the system will facilitate the determination of specific goals for the 
wetlands. Most commonly the objectives are to provide high level treatment, discharge 
relatively clean water, limit costs of building and operating, be largely self-maintaining, 
manageable with very little training, and require minimal maintenance (Rieck et al., 1996, 
Hammer etal., 1993, DeLaney 1995). Designs should include some type of pretreatment 
facility, due to the design of constructed wetland not accommodating highly polluted and 
untreated livestock waste (Rieck et al., 1996). Pretreatment facilities may include a single 
lagoon or multiple units. These pretreatment basins will cause suspended solids to settle 
to the bottom and reduce the BOD by fifty percent before entering the wetlands. The use 
of BOD and TSS indications are generally common factors for design decisions (Hammer 
and TV A 1989, Tchobanoglous 1993). 
When designing the entire area, the amount of animal waste generated will 
determine how much land is required. "One acre of constructed wetland can accommodate 
about sixty-five pounds of BOD per day. Assuming a lagoon has removed about fifty 
percent of the BOD from the raw wastes before it reaches the wetland, a one acre wetland 
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might be used for 300 head of finishing hogs, 60 head of dairy cows, or 10,000 laying 
hens" (Rieck et al., 1996). Trying to cut costs by making the system smaller than what is 
needed for the animal waste loads will result in higher operational and maintenance fees, 
as well as interfere with the performance of the entire system. In most situations treatment 
efficiency increases with an increase in size and biological complexity (Hammer and TVA 
1989). 
Once the total land area of the constructed wetlands is determined a levee 1.64 to 
1.09 meters tall is constructed around an area with a length to width ratio of about 4:1 
(also referred to as aspect ratio) (Rieck et al., 1996, SCS 1991, Hammer and TVA 1989). 
The area can be divided into various cells lying parallel to each other. The cells are most 
commonly rectangular in shape, but area regulations do not restrict cells to a rectangular 
shape (Hammer and TVA 1989). However, "over-engineering" or building radical shapes 
may limit proper functioning performance of the constructed wetlands (Brooks 1989). 
Parallel cells are separated by dikes complete with inlet and outlet sources to insure 
uniform flow of water throughout the entire system (Rieck et al., 1996, SCS 1991, 
Hammer and TVA 1989). 
Another very important design aspect is seepage control. In determining which 
type of seepage control is necessary, site specific soil and geological data are required. 
Prior to the planning process, soil borings— on which physical and chemical evaluations 
have been made, along with other information— need to be obtained (SCS 1991, 
Tchobanoglous 1993). 
Isolating wetland contents from ground water is imperative for protection against 
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ground water pollution. The least costly method is to seal the bottom with in situ soil 
materials, but the clay content must be greater than 10% with a wide range of silt, sands, 
and other matter with small particle sizes making up the majority of the soil (Hammer and 
TVA 1989). If these in situ soils are not present, clay or a synthetic liner must be 
acquired. The liner is required for covering the bottom surface of cells and the sides of 
dikes (Rieck et al., 1996, SCS 1991, Hammer and TVA 1989). 
If the natural clay content of the soil is not adequate for seepage control, bentonite 
or soda ash sources may be used to form a liner. In cases of a bentonite product being 
unavailable, synthetic liners are obtainable. Synthetic liners are not usually recommended 
due to expense and high possibilities of damage from roots and weather conditions. 
Whichever source of lining is used there is a required soil depth of 8-10 cm on top of the 
liner for support of vegetation. In cases of synthetic liners an additional 40-60 cm layer of 
soil must cover the liner to protect the synthetic material from plant root penetration 
(Hammer and TVA 1989). The soil layer covering the liner on the bottom of the cell will 
serve as a medium for plant growth while affecting the exchange and retention of 
nutrients, metals, and other pollutants (Rieck et al., 1996). 
The last component in the design process is the selection of the vegetation. When 
considering plant species, plants should be adaptive to local climates and soils, tolerant of 
pollutants in the wastewater, have high biomass production, be perennials, having rapid 
growth and colonization characteristics, and of a non-weedy habitat (Hammer 1989). 
Most commonly used plant types are cattail (Typha species), bulrush (Scirpus species), 
rushes (.Juncus species), reeds (Phragmites species), and maidencane (Panicum 
hemitomon) (SCS 1991, Rieck et al., 1996, Hammer and TVA 1989). 
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Operation and Management 
Many times failure of a wetland is the result of simple negligence. Constructed 
wetlands are not "stand-alone" systems void of any management responsibilities (DeLaney 
1995). Maintaining the proper water level, effluent volume, health of wetland vegetation, 
and structural integrity are continuous responsibilities for system managers who expect 
efficient functional performance. Once the wetland is constructed for long-term operation 
maintenance becomes exceptionally important (Tchobanoglous 1993, SCS 1991). 
Operation of the system depends on gravity flow throughout the entire design with 
discharge of water occurring through a flash board/stoplog or elbow pipe structure 
(Hammer and TVA 1989). Water depths are easily controlled and should become a part 
of the continual management practices as seasonal temperature fluctuations cause water 
loss due to evapotranspiration (SCS 1991, Hammer and TVA 1989, Fisher 1990). 
Operational standards may vary with the age of the wetland system, i.e., newly 
constructed wetlands should be flooded with a lower strength wastewater until plants are 
established (Hammer and TVA 1989). Normal operational parameters include a required 
wetland depth of 1.09 meters, an aspect ratio of 4:1, a slope of less than one percent, and 
the width of dikes around the wetlands should be 3.68 meters (McCaskey et al., 1994). 
Management includes monitoring the system by physically walking the dikes 
inspecting plant health and structural component soundness. In addition, water samples 
should be collected for the routine analysis of BOD, TSS, bacteria, and nutrients 
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(Tchobanoglous 1993). Physical examination of pumps, valves, and T-fittings on a weekly 
basis will create awareness of clogging and insure the proper operation of all pumps and 
piping (Hammer and TVA 1989). 
Flow Types 
Flow characteristics are extremely important to a wetlands performance. Any 
changes in loading rates, detention time, water level, and season will affect the systems 
pollutant removing capabilities. Therefore, choosing and planning for the proper water 
flow strategy is essential for high expectations of a functioning system (Humenik et al., 
1996). There are two types of systems used for wastewater flow: the surface flow type 
and the subsurface flow type. 
Surface flow constructed wetlands are most widely used for livestock waste 
management systems and appear to be the "most suited" for animal waste facilities 
(McCaskey et al, 1994). Surface flow wetlands consist of floating or planted aquatic 
vegetation living and growing in ponds or shallow basins lined with a soil substratum. 
Water flows over the top of the soil at a shallow depth allowing the plants, 
microorganisms, and substrate to reduce and remove pollutants from the wastewater 
(Bastian and Hammer 1993, Fisher 1990). 
Subsurface flow systems are those basins filled with gravel or crushed rock, on top 
of the soil, which serve as the substratum. Effluent flows through the constituent cell 
horizontally out of visible range (Bastian and Hammer 1993, Freeman 1993, Fisher 1990). 
Subsurface flow type systems are controlled by wastewater flow to hydraulic conductivity 
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of the substrate, slope, and the area of the cell. "A relatively low, long-range hydraulic 
conductivity value should be employed along with low organic loading for inlet areas" 
(Choate etal., 1993). 
Some of the positive aspects of both the surface flow and subsurface flow systems 
are as follows (Freeman 1993). 
surface subsurface 
lower installed cost greater assimilation rate 
simpler hydraulics less land required 
more like a natural wetlands no visible flow 
supports wildlife habitat more cold tolerant 
In addition to flow type, a flow regime must be established. Flow regimes include 
only two types: the plug-flow system and the continuous flow system (Fisher 1990). For 
consistent levels of treatment, the control over the systems water flow may be a primary 
factor (Swindell and Jackson 1990). The control of water flow will create control over 
water depth for better regulation of plant health and climatic factors. With the plug-flow 
system there is control of individual cells which may need isolation from the entire system 
due to compaction and oxidation of sediments, or unexpected nutrient inputs (Swindell 
and Jackson 1990). While traditionally constructed wetlands incorporate the plug-flow 
regime, the continuous flow systems are being explored because of reduced management 
responsibilities (Tchobanoglous 1993). The ability of a plug-flow system to isolate and re-
flood individual "sick cells" makes this regime attractive during planning stages. After the 
vegetation in the cells has become established the continuous flow system may be 
considered to reduce operational duties. 
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Functions and Mechanisms 
Wetlands have many different and valuable functions. Sediment detention, nutrient 
assimilation/transformation, flood attenuation, recreation, and habitat are some of the 
accomplishments of this type of treatment system (DeLaney 1995, Hammer 1989). 
Wastewater from the animal production facility enters the wetland system from a storage 
facility (lagoon) and is distributed at a uniform rate by surface flow. Most of the nutrient 
and bacteria uptake or removal occurs in the first half of the cells (Rieck et al, 1996, 
Choate et al., 1993, Cathcart et al., 1991). If pollutants gather in certain areas, the 
effluent will not mix with microorganisms, which may result in hydraulic dead spots and a 
disruption in the purification process (Fisher 1990). 
Physical, chemical, and biological mechanisms include sedimentation, adsorption, 
filtration, precipitation, volatilization, complexing, bacterial conversion, microbial 
modification, natural decay, gas absorption, and vegetative uptake (Hammer 1989, 
Tchobanoglous 1993). The initial process is sedimentation, which reduces total suspended 
solids and pathogens (also reduced by filtration) (Brix 1993, Tchobanoglous 1993). 
Suspended solids released in the pretreatment stage will settle to the bottom and adsorb 
microbial organisms, refractory organics, hydrocarbons, heavy metals, and nutrients 
(Hammer 1989, Tchobanoglous 1993). Adsorption aids in the decay of materials by 
combining with solids settling to the bottom (Tchobanoglous 1993). 
A more important process or mechanism is that of bacterial conversion. After 
solids settle to the bottom they may decompose due to bacterial action. Also important is 
the process of gas absorption. Gas absorption transpires when a gas is taken up by a 
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liquid and will occur when the dissolved oxygen concentration in the water is below the 
saturation concentration in the water. Finally an oxygen transfer will take place from the 
atmosphere to the water (Tchobanoglous 1993). Similar to gas absorption is the process 
of volatilization. During this process liquids and solids vaporize and escape to the 
atmosphere. 
Through these mechanisms constructed wetlands can achieve high removal 
efficiencies when considering BOD, TSS, and nutrients. It had been reported that 
constructed wetlands have a fifty to ninety percent reduction capacity for BOD and a forty 
to ninety-four percent reduction capacity for TSS (Bastian and Hammer 1993). Of greater 
concern is the systems ammonia conversion/removal capabilities and phosphorus removal 
rates. They tend to be more variable depending upon conditions and management. 
Nitrogen removal is reported to range from 30% to 98%, and phosphorus can vary 
between 20% to 90% (Bastian and Hammer 1993). 
PERFORMANCE OF CELL COMPONENTS 
Vegetation 
Plants play a very important role in the proper functioning of wetland systems. 
Wetland plants absorb some levels pollutants into their tissue, but through plant 
decomposition contaminants are returned to the water. A more important function (of the 
plants) is to serve as a primary source of oxygen for the maintenance and growth of 
microbial life (Brix 1993, Fisher 1990, Surrency 1993). Hydrophytic plants growing in the 
water-logged soils contain tube-like structures within the leaves, stems, and roots that 
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transfer oxygen from the atmosphere to the root zone of the plant. Oxygen may then leak 
through roots as the root hairs incorporate a very insecure seal. After leakage, oxygen 
accumulates around the root structures creating a zone referred to as the rhizosphere 
(Hammer and TVA 1989, Rieck et al., 1996). Necessary transformations of nitrogen, 
requiring oxygen, also take place due to the transport of oxygen to the root zones creating 
a form of nitrogen useable to plants thereby keeping nitrogen from returning to the 
wastewater (Humenik etal., 1996, Hammer and TVA 1989, Strong etal., 1993), 
The primary role of vegetation is to provide a surface area for the attachment and 
growth of microbial populations. The surface area of the roots and stems within the water 
column allow for bacterial growth and are a media allowing filtration and absorption of 
solids (Strong et al., 1993, Humenik et al., 1996). As growing plants drop leaves and 
stems to the water surface and as plants decay they create layers of organic debris called 
the litter/humus layer (Hammer and TVA 1989). This layer (of decomposing stems and 
leaves at or above the water surface) provides shade to deter the growth of algae, reduce 
wind effects on gas transfer, and most significantly provides a substantial surface for the 
attachment of microbes (Humenik et al, 1996, Strong et al,. 1993, Hammer and TVA 
1989). Sequentially, one of the most important roles of plant life to simply grow and die, 
which explains why removal capabilities of different plant species tend to be similar within 
broad ecological categories (Hammer and TVA 1989). 
Microorganisms 
Of the four principle cell components responsible for proper water purification, 
microbial organisms are the most important for removing pollutants from the wastewater. 
Wetland functions are commonly solely characterized by microbial populations and the 
microbial metabolism (Wetzel 1993). Microbes include bacteria, fungi, algae, and 
protozoa. Each type of microbe is responsible for changing pollutants to a form that may 
be utilized as nutrients or energy needed for the growth of microbial life. Microbes may 
also serve as predators, attacking and engulfing disease causing pathogenic organisms 
(Hammer and TVA 1989, Rieck etal., 1996). In addition, microbial populations modify 
hydrocarbons, metals, and nutrient loads as well as causing ammonia to nitrify to nitrate 
(Hammer 1989, Fisher 1990, Wetzel 1993). 
Although microbiota will naturally populate most waters, the effectiveness of the 
wetlands will depend upon the development and maintenance of the environment suitable 
for microbial growth (Hammer and TVA 1989). As mentioned earlier, plants growing and 
decomposing within the wetland cells creates surface areas for microbial attachment and 
provides the aerobic root zones where microbes can multiply (Fisher 1990, Hammer and 
TVA 1989, Rieck et al, 1996). Microbial populations also serve as recyclers of critical 
nutrients within the population. Microbial communities are characteristic of "very rapid 
growth responses" when loading rates are altered (Wetzel 1993). 
Substrates and Water Column 
Substrates are yet another area for microbial attachment in addition to acting as the 
media for root establishment and growth (Hammer and TVA 1989, Rieck et al, 1996). 
Substrate properties affecting the suitability of the soil as a plant medium include cation 
20 
exchange capacity, electrical conductivity, soil organic matter, and soil texture (SCS 
1991). Soil, sand, gravel, and peat have been used in wetlands as the substrate source. 
The substrate chosen must also be a reactive surface for complexing ions, anions, and 
compounds which may be harmful to the environment (Hammer and TVA 1989, Rieck et 
al., 1996). 
"Hydrology is the driving factor regulating the presence, characteristics, biology, 
and productivity of wetlands" (Wetzel 1993). Water transports gases and substances to 
microbial populations and plants in addition to carrying away by products. Also, surface 
and subsurface water provides an environment required by plants and microbes for 
biochemical processes (Hammer and TVA 1989). 
WATER QUALITY PARAMETERS 
With proper operation and maintenance, wetland systems may achieve high 
removal rates for BOD, suspended solids, toxic nutrients, and disease causing pathogens 
(Bastian and Hammer 1993). Performance will vary among systems of different designs , 
though if properly designed with ample area for treatment, the removal of BOD, TSS, 
fecal coliform, nitrogen, and phosphorus is sufficiently accomplished (Hammer and TVA 
1989, Bastian and Hammer 1993). Any variations in system design most commonly affect 
the efficiency of ammonia conversion/removal and phosphorus removal while BOD, TSS, 
and bacteria commonly show no negative response (Bastian and Hammer 1993). Removal 
efficiency is determined through concentration measurements of water quality. While 
design of the constructed wetlands is important, the loading and removal rates are of 
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greater importance in determining nutrient removal (Swindell and Jackson 1990). 
BOD and TSS Removal 
Biological oxygen demand (BOD) levels tell us the approximate quantity of 
oxygen required to stabilize organic matter, the size of the wastewater treatment facility, 
the efficiency of the facility, and is used to determine compliance with wastewater 
discharge permits (Tchobanoglous 1993). BOD is decreased through microbial 
degradation, sedimentation, and filtration (Brix 1993). TSS, also associated with 
suspended material, are actual particles varying in size and nature making it difficult to 
pinpoint particle removal mechanisms (Tchobanoglous 1993). However, removal of TSS 
remaining in the wastewater after entering the wetlands from a lagoon is recognized to 
occur through sedimentation and filtration. It has ben found that, both BOD and TSS, 
along with other parameters associated with suspended material (fecal coliform and 
organic nitrogen), are removed primarily within the first half of the system (Choate et al., 
1993). 
Nitrogen and Ammonia Removal 
The processes for nitrogen removal include gaseous losses through 
nitrification/denitrification and ammonia (NH3) volatilization, soil adsorption of 
ammonium (NH4), and microbial, algal, and plant uptake of inorganic nitrogen (Wittgren 
and Sunblad 1990). It is understood that the major mechanism of nitrogen removal is the 
nitrification/denitrification processes (Brix 1993). "Any aerobic-anaerobic interface with 
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the soil surface or the root zone will inspire the nitrification process to begin (Wittgren 
and Sunblad 1990). 
Though nitrogen removal may be significant, insignificant decreases in ammonia 
have been an area of concern when using constructed wetlands for wastewater 
purification. Commonly, nitrification reactions have little effect on the reduction of 
ammonia (Freeman 1993). It has been determined that ammonia-nitrogen (NH3-N) levels 
increased within the first quarter of the wetlands. However, there was a gradual decrease 
in NH3-N levels in the latter stages where there was less organic nitrogen conversion 
taking place (Choate et al., 1993). Another possible deterrent of ammonia reduction may 
be that of limited oxygen transport. In another study twelve out of fourteen systems with 
limited oxygen transport show a less than sixty percent ammonia removal rate (Sikora 
1994). Possible methods of removal include immobilization into microbial cells, 
nitrification at the air-water interface where dissolved oxygen may be adequate for aerobic 
activity, and absorption into the substrate (Sikora 1994, Wittgren and Sunblad 1990). 
Phosphorus Removal 
Phosphorus removal primarily take place in the beginning stages of the wetland 
system. Latter stages of the constructed wetlands have even shown an increase in 
phosphorus levels (Swindell and Jackson 1990). Removal mechanisms include soil 
absorption, plant uptake, bacteria and algae fixation, and complexion and precipitation 
reactions with sediment minerals (Brix 1993, Swindell and Jackson 1990). Wetlands 
designed for the primary function of sediment removal also serve as mechanisms for the 
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reduction of total phosphorus (DeLaney 1995). Removing phosphorus from the "nutrient 
cycle" through mineral sedimentation makes phosphorus unavailable within the 
wastewater. However, phosphorus may be available for use from litter or the substratum 
(DeLaney 1995, Vellidis etal, 1993). 
THE USE OF CONSTRUCTED WETLANDS FOR SWINE AND DAIRY WASTE 
As a result of national attention towards livestock wastes contaminating public 
water sources, alternate means of waste disposal is being sought by dairymen and hog 
producers. Processing and disposing of animal waste has become the primary focus for 
the Soil Conservation Service and regulatory agencies (Cooper et al., 1994). In 1990 the 
SCS built a constructed wetlands in DeSoto County, Mississippi for the treatment of dairy 
wastewater. The reduction of total phosphorus in the wetland system ranged from 42% to 
87% and ammonia reduction ranged from 76% to 96%. Initially a negative efficiency of 
-278% occurred with nitrate trapping, due to the conversion of ammonia to nitrate, but 
eventually did decrease by 40%. BOD levels decreased by more than 70% (Cooper et al., 
1994). 
In 1990 results from a wetland system treating dairy wastewater at the Coastal 
Plains Research Station in Newton, Mississippi were presented. Performance of the 
system was determined by measuring such parameters as BOD, ammonia, phosphorus, and 
TSS on a weekly and biweekly basis (Davis et al., 1992). The results of that study 
confirmed the hypothesis that BOD reduction is not dependent upon the plant species. At 
the beginning stages BOD was reduced by 39% to 64% and during the latter stages 
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reduction increased to 88%. However, different species of vegetation did affect ammonia-
nitrogen levels. Depending upon the type of plant species, reduction of ammonia-nitrogen 
levels ranged from 32% to 79% (Davis et al, 1992). 
In McCaskey et al., 1994, a constructed wetland system was used for the 
treatment of swine effluent. The wetland system was created to handle waste from a 500 
pig-per-year farrow-to-finish hog operation at the Sand Mountain Agricultural Experiment 
Station. The results reported a reduction in total nitrogen of 83% and ammonia-nitrogen 
of 86% (McCaskey et al., 1994). Phosphorus levels decreased by 75%, BOD levels 
showed a reduction of 85%, and TSS reduced by 80%. The liquid waste from this 
facilities lagoons was periodically land spread to avoid overflow of lagoons (McCaskey et 
al, 1994). 
Table 1A 
Reduction Percentages for PIC 1994, PIC 1996, and Sand Mountain 
NH4 Total Phosphorus BOD TSS Fecal Coliform 
PIC 1994 93.7 16.8 56 21 85 
PIC 1996 78 46 45 50 70 
Sand Mountain 86 74 85 80 not shown 
Not all wetland systems act alike and results vary among different studies. Although 
reduction percentages differ, in each study presented there is a marked reduction in 
pollutant parameters. Variations in PIC 1994 and PIC 1996 may be due to changes made 
with management practices. In previous years PIC managed the constructed wetlands as a 
plug-flow system. In 1995 the management strategy changed to a continuous flow system 
25 
because of less responsibility. 
Methods and Procedures 
EXPERIMENTAL DESIGN 
In the fall of 1991 Pig Improvement Company (PIC) of Allen County, Kentucky, 
began building a constructed wetlands at The Dogwood Ridge Farm to aid in their twelve 
month total animal waste management program. The wetland system covers a land area of 
9.4 acres and receives effluent from three anaerobic lagoons. 
In cooperation with PIC water samples were collected from each of the nine 
connected cells. The samples analyzed and included for this discussion are a reflection of 
the 1996 year only. The results for each individual cell were summarized and the data 
reported in the appendix. For discussion purposes wetland cells were evaluated as a part 
of a group. Cells were grouped as follows: 
• Upper section (cells one, two, and three) 
• Middle section (cells four, five, and six) 
• Lower section (cells seven, eight, and nine) 
Data reported in these groups reveal the contents of samples collected on various dates 
over a four month period. This discussion material excludes data collected from an 
additional three months. The three months prior to the reported data were recognized as 
part of the start-up period. 
26 
27 
Material loaded from the anaerobic lagoons primarily entered at cell number one, 
but at times entered at cell number three. There was no mixing prior to entry into the 
wetland system. It was mixed with water (new or recycled) to a workable level of NH3. In 
previous years the constructed wetlands were managed as a plug-flow system allowing for 
various loading stages and loading rates. The 1996 year was the second year the system 
had been changed from the plug-flow type to a continuous flow operation. To insure 
proper flow the wetland system had been constructed on a slope causing a stair-step 
affect, which allows gravity to carry the material through each of the components cells. 
After wastewater entered cell number one the effluent flowed to cell number two 
at a rate of 3.5 gallons or 13.2 liters every fourteen seconds. The same rate of flow 
continued from cell number two to cell number three and so forth throughout the system 
with the exception of flow from cell number eight to cell number nine. Wastewater flowed 
from cell number eight to cell number nine in 1.1 gallons or 3.8 liters every sixty seconds. 
The total wastewater entering the wetland system from the lagoons was calculated at 
66,600 gallons or 252,272 liters per day (these estimates are based on summer flow rates). 
After the wastewater completes the cycle of flowing through each of the nine 
wetland cells, a holding or detention pond retains the water until it is required for use. 
Except for evaporation and transpiration, all of the 252,272 liters of daily wastewater is 
completely recycled. Recycling the effluent returns water to cell number one, cell number 
three, or the water may be returned to one of the lagoons if water levels are low. 
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APPLICATION OF MATERIAL 
Wastewater entered the wetland system at cells number one and three. Pig 
Improvement Company also injects clean water into cells one and three to prevent the 
destruction of vegetation through "burning" due to toxic levels of ammonia and other 
nutrients. Effluent entered the system at a rate of 11,363,636 liters during the six month 
season. An additional 34,090,909 liters of fresh water was added for dilution purposes. 
Therefore, a total of 7,575,757 liters of water entered the system every month and 
252,272 liters entered the system every day. 
The retention time or turnover rate can not be exactly calculated. Factors such as 
plant uptake, evaporation, and transpiration make calculating how long the system holds 
the water very imprecise. Although, if we consider the wetlands overall capacity a rough 
estimation may be achieved. Each cell within this 9.4 acre wetlands has a fluid depth 
capacity of 1.64 meters. Disregarding dikes and plants, the total capacity is crudely 
22,727,272 liters. Keeping in mind that flow does not occur uniformly, rather in channel 
flow or laminar flow, the system may contain parts of the 252,272 liters of water for up to 
92 days. 
The constructed wetland cells capabilities were typically measured as a part of a 
group. Samples from cell one have shown higher levels of contaminants due to this cell 
being the introductory point for the swine wastewater. Thus, cells were grouped together 
in three different stages for a more comprehensive data interpretation. The reported data 
for each group is an average of the three cells within the upper, middle, or lower sections. 
Each section was compared for the determination of the entire systems removal capacity. 
29 
SAMPLING 
Samples were collected from each of the nine cells at the PIC constructed 
wetlands. Water samples were obtained at the outflow site of individual cells. Five-
hundred ML plastic containers were held below each outflow pipe to collect water and 
were then properly sealed to prevent leakage and contamination from outside sources. 
For the testing of Fecal Coliform Bacteria content, separate water samples were collected 
in 
100 ML plastic containers. Before sealing the 100 ML containers, a declorinization tablet 
was placed within the water sample. The following are the ten sampling dates: 
April 10 start-up period before plant growth 
May 23 start-up period before plant growth 
June 4 start-up period before plant growth 
Collections used for data analysis 
June 26 first date of collection 
July 11 second date of collection 
July 18 third date of collection 
July 31 fourth date of collection 
August 14 fifth date of collection 
September 5 sixth date of collection 
October 1 seventh date of collection 
Although there was a total of ten dates in which samples were collected, the first 
three dates were not recognized as being a part of the testing period. During those first 
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three months plant growth was not at an optimum stage to allow the wetlands to function 
properly. Also temperatures and other weather conditions may have altered this 
experimental procedure during the sampling dates of April 10, May 23, and June 4. The 
sample date of October 1 is included as a part of the data analysis although, plant growth 
had begun to die-off during this month, ending the sampling period. 
ANALYSIS 
Weather conditions play a vital role in the performance of a constructed wetland 
system. Precipitation and temperature changes are among many of the variables leading to 
the difficulty of properly analyzing data from this type of experiment. Therefore, 
recording rainfall and degree variations during the functioning stage is very important for 
accurate testing results. The following are precipitation and temperatures (Scottsville, 
Kentucky location) for each of the sampling dates (obtained from Western Kentucky 
University Department of Geography and Geology Climate Center),monthly totals and 
averages were as follows: 
Precipitation Mean Temperature 
Cm Celsius 
• June 21.03 23 
• July 13.74 24 
• August 5.79 24 
• September 29.64 19 
• October 5.9 15 
After the samples were collected they were sent to Western Kentucky University 
Environmental Laboratory for standard testing procedures. Ammonia nitrogen testing 
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was performed by standard procedure 4500-NH3, nitrate nitrogen testing was performed 
by using standard Nitrate Probe methods/procedures, 4500-N0,, 4-75, and total 
phosphorus was determined by the conversion of phosphorus found in phosphate forms 
into its various forms by the 4500 P, 4-108 procedure. Testing for dissolved solids and 
suspended solids was performed by the 2540 Solids, 2-51 standard procedure. Testing for 
BOD levels was performed by using the standard method, 5210-BOD, 5-1 and finally, 
fecal coliform levels were obtained through the 9222D Fecal Coliform Membrane Filter 
Procedure. All of the samples being analyzed were done so according to the 1992 
Standard Methods. 
Due to a lack of replication, statistical analysis was not possible. Data were 
compared to some extent to analyses of samples collected from the wetlands at The 
Dogwood Ridge Farm, when the system was managed as a plug-flow regime (Sutton 
1996). Although, results are very different due to the difference on flow types. 
Results 
Water samples collected from each of the wetland cells were analyzed for various 
indications of contamination. Seven of the indicators reported in the following results 
include ammonia nitrogen, nitrate nitrogen, total phosphorus levels, biological oxygen 
demand, fecal coliform, total dissolved solids, and total suspended solid levels. Data for 
each of the indicators was graphed to show the wetlands ability to perform as a part of the 
waste management system for swine waste at The Dogwood Ridge Farm. The reported 
data was also presented to demonstrate the effectiveness of the different sections of the 
wetlands, which were described as the upper, middle, and lower sections. 
AMMONIA NITROGEN 
A very important indication of performance is the level of ammonia nitrogen 
throughout the wetlands. As the nitrification process occurs, ammonia levels are 
decreased as hydrogen and oxygen exchange to change ammonia into nitrate. 
Unfortunately, if proper conditions do not occur, this transformation may not take place, 
leaving ammonia at toxic levels. Expectations are to see this toxic level decrease within 
the system as the wastewater moves through each cell. 
Table 1 demonstrates ammonia nitrogen levels for the seven sampling dates. 
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Figure 1 (presented in graphic form) compares the upper, middle, and lower sections for 
each date. Also, Figure 1 compares the decrease or increase in ammonia nitrogen levels 
for each sampling date. A general decrease from upper to middle and middle to lower 
cells was observed for each of the sampling dates. The lowest amount of ammonia 
occurred in the lower section cells on September 5, 1996. September 5 also recorded the 
highest level which appeared in the upper cells. 
Figure 1 
Ammonia Nitrogen Levels in Upper, Middle 
and Lower Wetland Cells 
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Table 1 
Ammonia Nitrogen Levels of Upper, Middle, 
and Lower Cells for all Sampling Dates in MG/L 
6-26 7-11 7-18 7-31 8-14 9=5 10-1 
Upper 51 84 102 66 84 143 53 
Middle 25 50 80 27 46 25 43 Total 
Lower 17 19 24 16 20 14 27 Reduction^ 78% 
As months became cooler it was expected for ammonia nitrogen levels to increase 
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due to vegetation die-off and slower nitrification rates. As seen in Figure 1 the lower 
group of cells do show a trend in reduction from sampling date 6-26 through sampling 
date 10-1. Although, when the system should have been operating at an optimum level 
(summer), data reported for 7-18 show an increase from the previous sampling period. 
The middle cells averaged 50 MG/L on July 11, and on July 18 those levels increased to 
80. The lower section also increased levels from 19 Mg/L to 24 Mg/L. After 7-18 the 
lower cells began dropping ammonia nitrogen levels until the cooler month of October, 
when levels once again increased to 27 MG/L (Table 2). 
The levels reported from this data show an overall 78% reduction of ammonia 
nitrate. This wetland system was expected to show a reduction of at least 80%, as it has 
in the past. 1994 data reported by Keith Sutton showed a 97% reduction for the plug-
flow system. When comparing data from the plug-flow and continuous flow wetlands 
there is a 19% difference in reduction capacity. For the Sand Mountain Agricultural 
Experiment Station ammonia-nitrogen levels decreased by 86% (McCaskey et al., 1994). 
Once again, the continuous flow system shows a lower removal capacity than the 
traditional plug-flow wetland. 
NITRATE NITROGEN 
In Figure 2 nitrate nitrogen levels appear to be non-fluctuating after the upper 
section of cells. On June 26, the first sampling date, nitrate levels were .46 Mg/L in the 
upper section, . 1 Mg/L in the middle section, and then increased to 1.2 in the lower cells 
(Table 2). All of the upper cells show higher levels due to cells one and three being the 
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entry points for wastewater. Nitrate levels were expected to increase slightly due to 
ammonia nitrogen conversion. In Keith Sutton's review of the plug-flow system in 1994, 
nitrate nitrogen level ranged from 0 to greater than 4.0 Mg/L. The highest detected level 
for the 1996 data is 1.2, occurring in the lower cell group on June 26. The increase in 
nitrate indicated the nitrification of ammonia into nitrate as wastewater filtered through the 
plug-flow system. As levels did not increase throughout the continuous flow system, a 
lower reduction of ammonia nitrogen is indicated. 
Figure 2 
Nitrate Nitrogen Levels in Upper, Middle, 
and Lower Wetland Cells 
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Table 2 
Nitrate nitrogen Levels of Upper, Middle, 
and Lower Cells for all Sampling Dates in MG/L 
6-26 7-11 
Upper 0.46 0.1 
Middle 0.1 0.1 
Lower 1.2 0.1 
7-18 7-31 8-14 M 
0.2 0.2 0.27 0.43 
0.1 0.1 0.1 0.11 
0.1 0.1 0.1 0.1 
10-1 
0.66 
0.3 Total 
0.3 Reduction 41% 
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From the July 11 sampling date to the August 14 sampling date nitrate nitrogen 
levels were approximately the same and did exhibit the desired reduction from upper to 
lower cells. On September 5, the upper cells average increased from .27 Mg/L on August 
14 to .43 Mg/L and then continued to increase to .66 Mg/L on October 1. During the 
summer stage of July 11 to August 14, the middle and lower cells maintained levels of .1 
Mg/L. In general nitrate levels were low throughout the sampling period. Total reduction 
was 41%. 
TOTAL PHOSPHORUS 
For June 26 total phosphorus levels were fairly uniform. In the upper section the 
average was 13 Mg/L, in the middle section the average was 12 Mg/L, and the lower 
section averaged 10 Mg/L (Table 3). 
Table 3 
Total Phosphorus Levels of Upper, Middle, 
and Lower Cells for all Sampling Dates in MG/L 
6-26 7-11 7-18 7-31 8-14 9=5 10-1 
Upper 13 16 25 19 19 35 8 
Middle 11 21 18 13 16 14 6 Total 
Lower 10 13 11 8 10 13 2 Reduction= 46% 
Samples tested for July 11 displayed a slight increase in total phosphorus levels as 
Figure 3 compares data from the two sampling dates. Figure 3 also shows an increase 
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from upper cells to middle cells on July 11. Lower cells did decrease phosphorus levels 
from 16 Mg/L in the upper and 21 Mg/L in the middle to 13 Mg/L in the lower section 
(Table 3). 
Total phosphorus levels increased in the upper cells, from samples taken on July 
11. Although the upper section exhibited an increase, the middle and lower cells averages 
were lower than the measurements for July 11. On July 18 the average for cells four, five, 
and six was 18 Mg/L; for cells seven, eight, and nine the average was 11 Mg/L. 
Levels continued to decline in all of the cells for the July 31 tested samples. Graph 
3 shows total phosphorus levels increasing as samples were taken on August 14, but if the 
figures in Table 3 are reviewed those inclining numbers are considered very slight. Unlike 
previous indicators the sample months of September and October do not show a marked 
increase in levels, with the exception of the upper cell group on September 5. October 1 
data actually represents the lowest total phosphorus levels for the entire testing season. 
Figure 3 
Total Phosphorus Levels in Upper, Middle, 
and Lower Wetland Cells 
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Phosphorus levels are comparative to the solids levels. As total dissolved and total 
suspended solids decline, total phosphorus levels will also show declining amounts. 
Sutton 1996 reported a total phosphorus reduction of 17%, while the sand Mountain data 
indicated the plug-flow system as removing 74% of the total phosphorus. 
BIOLOGICAL OXYGEN DEMAND 
On June 26, samples taken from the upper portion of cells tested at 34 Mg/L of 
BOD. Despite expectations of declining levels for the middle group of cells, the BOD 
level was actually higher by almost ten Mg/L at 44. The level within the lower cells then 
decreased to 22 Mg/L (Table 4). 
For the second sample date, July 11, the BOD level reached its greatest amount. 
In the middle section the average level within cells four, five, and six was calculated at 96 
Mg/L, increasing over 50% from the upper cells. Levels did decrease in the lower group 
to 34 Mg/L. Although that is a substantial reduction from the middle section level, the 
upper cells averaged only slightly higher at 36 Mg/L (Table 4). 
Table 4 
BOD Levels of Upper, Middle, and Lower Cells 
for all Sampling Dates in MG/L 
6-26 7-11 7-18 7-31 8-14 9-5 10-1 
Upper 34 36 42 36 23 43 13 
Middle 44 96 33 37 12 39 7 Total 
Lower 22 34 6 11 7 27 10 Reduction= 45% 
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As seen from figure 4, beginning with the July 18 sample date, BOD levels 
throughout the remaining testing season are relatively similar. Note that levels do not 
decrease very much from the upper to middle cells. On June 26, July 11, and July 31 
samples tested from the middle section reported even higher levels of BOD than upper 
cells, in which effluent directly entered the system. As samples were analyzed from the 
lower group of cells, levels did decline. 
On July 18 the lower section averaged only 6 Mg/L, decreasing from 33 Mg/L in 
the middle group (Table 4). Samples Taken on July 31 marked levels in the upper cells as 
36 Mg/L, which was a decline from 42 Mg/L on July 18. But, the middle cells showed a 
higher level of BOD at 37 Mg/L when compared to 33 Mg/L on July 18. The lower cells 
average level may have decreased from the middle cells, although the BOD level was 
higher at 11 Mg/L than the 6 Mg/L on July 18 (Table 4). 
Figure 4 also exhibits the desired regression in biological oxygen demand on 
August 14 and October 1 sample dates. Although, on September 5 levels in all three 
groups were higher than the previous sampling dates of July 18, July 31, and August 14. 
Figure 4 
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The total BOD reduction for 1996 was 45%. Sutton 1996 reported a reduction of 
56% for the plug-flow system. At the Sand Mountain Experiment Station the plug-flow 
constructed wetlands reduced BOD by 85% (McCaskey et al, 1994). The difference in 
reductions for PIC wetlands may be due to the flow types. In the plug-flow system when 
cells became sick or were simply not efficient, water could be directed away from those 
cells. As in seasons after 1994, levels may be higher because of lesser control over the 
cells. 
FECAL COLIFORM BACTERIA 
After ammonia nitrogen, another very significant indication of performance is fecal 
coliform numbers. In the upper group of cells, levels are naturally expected to be high due 
to wastewater entering at cells one and three, but after passing through the middle and 
lower cells the wastewater is expected to have dramatically decreased amounts of fecal 
coliform. Figure 5 displays this reduction. 
Levels are reported in the number of fecal coliform bacteria in 100 ml of 
wastewater. Beginning on June 26 the average level dropped from 48,100 to 9,708, and 
then to 1,515 in the lower group of cells (Table 5). Figure 5 continues to show adequate 
amounts of decrease until the July 31 testing date. In the upper cells the average level was 
greater than 60,000. In the middle section fecal coliform decreased over 50% to 21,181, 
but then increased in the lower cells to 25,333 (Table 5). 
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Table 5 
Fecal Coliform Levels of Upper, Middle, and 
Lower Cells for all Sampling Dates in #/100 ML 
6-26 7-11 7-18 7-31 8-14 10-1 
Upper 48100 12333 2600 60000 23666 3273 
Middle 9708 2212 3727 21181 2970 312 Total 
Lower 1515 969 3030 25333 2059 279 Reduction 70% 
Samples were not tested for fecal coliform on September 5, but on August 14 tests 
revealed a tremendous drop from July 31. After measuring 2,059, in the lower cells on 
August 14, levels dropped to 312 in the middle group and 279 in the lower group in 
samples tested for October 1 (Table 5). 
Figure 5 
Fecal Coliform Levels in Upper, Middle, 
and Lower Wetland Cells 
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When compared to the 1994 data, fecal coliform reduction was 15% less efficient. 
Total fecal coliform reduction for 1994 was 85% (Sutton 1996). As seen from Table 5, 
total reduction for 1996 was 70%. 
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TOTAL DISSOLVED SOLIDS 
The graphed data for total dissolved solids presented very little fluctuation. Tested 
samples generally decreased in amounts as effluent flowed from the upper to middle and 
middle to lower group of cells. Although, as seen with other indicators, reduction was not 
as dramatic, and on some of the sample dates reduction was only slight. An overall 
decrease in levels varied from month to month and even increased on several of the sample 
dates (Figure 6). 
Figure 6 
Total Dissolved Solid Levels in Upper, p 
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Sampling Dates 
Data reported for the June 26 sample date displayed an average level of 439 Mg/L 
in the upper section, 366 Mg/L in the middle section, and 333 Mg/L in the lower section 
(Table 6). Samples taken on July 11 reported levels closely associated with, or not 
changing much from, the June 26 samples. Although, total dissolved solids level in the 
lower group was higher than the average level of the middle cells (for July 11). Samples 
analyzed for July 18 produced an increase in levels. The upper grouped averaged 637 
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Mg/L, the middle group averaged 566 Mg/L, and the lower section of cells averaged 380 
Mg/L (Table 6). This sample date exhibits the most concentrated levels of the middle 
section for all sample dates. 
On July 31 data decreased to levels again closely related to Sample dates June 26 
and July 11. Once again levels increased on August 14 to 618 Mg/L for the upper cells, 
514 Mg/L for the middle cells, and 396 Mg/L for the lower cells (Table 6). Samples from 
the upper section, on September 5 were the highest of levels throughout the entire 
sampling period, but the data for the middle and lower cells drop back to levels of 437 
Mg/L and 396 Mg/L, which are closer to sample levels for dates previous to August 14. 
The October 1 results decrease from September 5, but are again relatively the same as 
earlier samples. 
Table 6 
Total Dissolved Solid Levels of Upper, Middle, 
and Lower Cells for all Sampling Dates in MG/L 
6-26 7-11 7-18 7-31 8-14 9-5 10-1 
Upper 439 458 637 442 618 881 411 
Middle 366 344 566 384 514 437 373 Total 
Lower 333 393 380 282 396 396 362 Reductions 31% 
The lower reduction in TDS coincides with the low reduction of total phosphorus. 
However, the reduction for 1996 was higher than what the removal percentage was for 
1994. TDS reduced by 23% for 1994 (Sutton 1996). The PIC wetlands increased the 
reduction capacity in 1996 to 31%. 
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TOTAL SUSPENDED SOLIDS 
Total suspended solid levels comprise the last set of data to be reported among 
these results. Beginning on June 26 levels are extremely low for the middle and lower 
cells. Data for the second sample date, July 11, show a dramatic increase as the level in 
cells number four, five, and six increased from 23 Mg/L on June 26 to a much higher 793 
Mg/L. The average level in the lower group did decline to 210 Mg/L, but was still much 
higher than the 14 Mg/L average for the lower section on June 26 (Table 7). Figure 7 
displays a very wide range of levels between July 11 and October 1. 
Figure 7 
Total Suspended Solid Levels in Upper, 
Middle, and Lower Wetland Cells 
SB Upper 
d ! Middle 
W Lower 
July 18 
July 11 
Amount of total suspended solids stayed at relative values for sampling dates July 
18, July 31, and August 14. It was not until September 5 that levels began to rise. 
Actually the middle section averaged at 442 Mg/L, which was higher than the upper 
section, containing 100 Mg/L. In the lower section the average level of cells seven, eight, 
and nine decreased from the middle cells level to 103 Mg/L (Table 7). The September 5 
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sampling date is the only time in which levels compare to the highest of the sampling 
periods levels on July 11. Even though October 1 levels were expected to increase due to 
season, total suspended solid levels were the lowest of tested samples. 
Table 7 
Total Suspended Solid Levels of Upper, Middle, 
and Lower Cells for all Sampling Dates in MG/L 
6-26 7-11 7-18 7-31 8-14 9-5 10-1 
Upper 87 171 43 37 32 100 5 
Middle 23 793 97 110 15 442 2 Total 
Lower 14 210 9 2 15 103 21 Reduction^ 50% 
Suspended solid levels decreased by a total of 50%. Once again, there was an 
increase in reduction from previous dates in 1994. Sutton 1996 reported that suspended 
solids decreased by 21%. When compared with data from the Sand Mountain experiment 
both years from the PIC wetlands showed lower efficiencies. The wetlands at the San 
Mountain Experiment Station reduced TSS by 80% (McCaskey et al, 1994). 
Summary and Recommendations 
SUMMARY 
The objective of this experiment was to evaluate the efficiency of the constructed 
wetlands, operated by Pig Improvement Company, as a waste management system. In this 
study, management practices have changed from the first year possibly resulting in 
different levels of particular nutrients. Overall, the data collected demonstrated expected 
reductions in unwanted nutrients. 
Ammonia nitrogen levels did not decrease by a minimum of 80% (as in 1994 data). 
For all of the sample dates, cells averaged a 76% decrease in ammonia nitrogen levels 
from the upper portion to the lower portion of cells. The September 5 sampling date was 
the only time in which levels showed a greater then 80% reduction. Those samples 
reported a 90% reduction from the upper to lower cells. The lack of increase in nitrate 
nitrogen levels may support the lower decline in ammonia nitrogen levels. It was expected 
for nitrate levels to increase as some of the ammonia was nitrified into nitrate. 
Fecal coliform amounts were expected to decrease through settling and microbial 
degradation as effluent moved from cell one to cell nine. Data reported showed a 
reduction in fecal coliform amounts of greater than 80% for all testing dates with the 
exception of July 31, in which removal was 56% and July 18 when levels increased 13%. 
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Though levels marked quite a reduction, when compared to 1994 data, analyzed and 
reported by Sutton 1996, samples from lower stage cells contained much higher quantities 
of the fecal coliform bacteria. Although the study by Sutton 1996 involved that of a plug-
flow system as compared to the continuous flow system involved for this study. 
Total phosphorus levels were expected to be less in the lower group of cells due to 
sedimentation. All of the samples analyzed showed reduction in levels from cell one to 
cell nine. Total phosphorus quantities did not always decrease within cell groups; on some 
of the sample dates, levels even increased from ascending cells within the group. Once 
again, overall levels appeared higher for the continuous flow system than for the plug-flow 
regime. 
Biological oxygen demand levels reported in this study are another example of 
cells within a group not showing a decline on some of the sample dates. On three of the 
sample dates levels in cell nine were even greater than data for cell one. Although 
dissolved oxygen was not measured, those levels are expected to have an inverse 
relationship to BOD levels. As BOD decreases, dissolved oxygen would increase. 
Ammonia nitrogen, nitrate nitrogen, fecal coliform, total phosphorus, and 
biological oxygen demand were not the only nutrients analyzed and reported in this study, 
though they are the most important when considering efficiency. Reviewing data 
considering these nutrient and contaminant factors reveals that the wetlands have 
capabilities as a water purification system. As environmental and managerial situations 
change, the data reported for this experiment might be altered— thus causing a change in 
the system's ability to respond. 
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In conclusion, using a constructed wetlands as a part of the agricultural waste 
management system is a viable concept. As greater awareness is directed toward 
environmental safety, agricultural practices have gained much attention. Livestock 
producers are now targeted as one of the leading contributors of non-point source 
pollution. Therefore, a greater emphasis must be placed upon the control of animal 
wastes. Runoff from barnlots and seepage into public water systems are sources of non-
point pollution and their prevention is the responsibility of the livestock producer. 
After studying the effect of natural wetlands, researchers are considering those 
same functions to be efficient for livestock waste management. Though constructed 
wetlands do not completely remove nutrients and contaminants, if properly operated they 
are proving to significantly reduce the unwanted pollutants. A constructed wetlands built 
to aid in such reductions was the topic of this study. Data reported in this study 
substantiated the belief that constructed wetlands may provide purification of livestock 
wastewater otherwise stated as a source of pollution. 
RECOMMENDATIONS 
Data collected in this study proved surprising amounts for some indicators as 
compared with other data collected for this same constructed wetland. For this reason 
further consideration of flow regimes or management practices should be reviewed. Data 
from the plug-flow system versus the continuous flow system need further analysis for 
determining which might be more efficient for pollutant reductions. Also further studies 
of the continuous flow system may aid in the determination of how this flow regime may 
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be utilized without sacrificing efficiency. 
Collection of more water samples, within cost restraints, taken at not only outflow 
pipes but also the middle of cells is also recommended. If samples are collected from the 
middle of the cells, stirring-up solids should be avoided. Environmental factors in a study 
of this nature may always enhance the possibilities of incorrect data. 
The constructed wetlands utilized for this experiment incorporates mainly Typha 
species of plants (cattails). Studying the affects of various plant species (when altering 
flow regimes) may result in a more comprehensive evaluation of the system's removal 
capacity. Plant, management, and environmental factors are all areas in which separate 
studies may determine different capabilities for the same project. 
And finally, cell one is losing its functional capabilities as part of the wetlands due 
to no prior mixing of effluent from the lagoons. Although fresh water is added to cell one 
in addition to effluent, vegetation is dieing because of high nutrient loads burning/killing 
the plants. Recognizing cell one as a mixing pond instead of a cell and possibly adding 
another cell or adding a mixing pond is suggested. 
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